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(57) Abstract 

The prwcnt Invention provider amall. dense mineral oxide solid supports or mlcrobcads, comprising dense microporous raineral 
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Sma]l "Dtnst Microporous Solid Support MutcriaU^ Tlid^rPrcpsiradony 
and UsoFor Purificatioa of XiUr^e Macromolcculcs and Biopzirticles 

Field Of Invention 

S The present invention relates to solid supports for pwification of biopartides or 

high molecular weight macromolccules* 

Pnclcground of the Tnyentioii 
High molecular weight (*^HMVV*') rnacromolecules such as xuiddc acids^ 
polysaccharides, protein aggregates, and bioparticlca $uch a^ viruses, viral vectors, 
10 membrane proteins and cellular structures^ arc difficult to isolate &om biological 

sources due to their physical chax&cterisdcs. Classical techniques fbr isolating HZv£W 
macromolecules and bioparticles nidude gradient density centtiflisation, 
mlcrofiltratioj), ultiafiltraxion and chromatography. These methods present a nuxn&ar 
of practical disadvantages. Gradient density ccntzxfiigation is a time consuming and 
15 eneigy intensive proeess and provides only limited puri&catlon. due to intrinsic 

molecular or bioparticte heterogeneides. (Green et aL, "f reparative puti&catioa of 
sapcrcoiled plasmid DNAfor therapeutic applicadons^^'^/op/mrm, pp. 52^2 (May 
19973-) Membrane technolo^es, such as cross flow filtration, require a substantial 
shear stress to maintain pcnneatc flux and these levels of sheer stress are prejudicial to 
20 the integrity of the molecules or particles and consequendy to thcxr biological 

activities. (Braa5 aL^ "Strategics for the isolation and purification of retroviral 
vectors for gene xhmpy,'* Bioseparaiicn^ 6'JZl 1-223 (1996).) 

Packed bed chroraaCography and adsorption of large molecular weight 
molecules or parucles arc also hampered by the physicjjl characteristics of these 
25 compounds, setting strmgcnt limitauons in terms of operating bed capacity and 
pressure drop- 
On the one hand, these large bioloj^cal structures do not penetrate into 
classical gel media commonly used in bioseparatlon and, as a consequence^ these large 
biological strucnjrcs do not access the intcxnal surface area and pore volume, where 
30 the majority of the adsorptive sites are located. Thererore, the partxtioniag between 
mobile and liquid phase and the binding capacity is Inher^tly limited. On. the other 
hand, there is no interest in producing media with pores large enough to accommodate 
these large or BMW biological structures because the intrapaiticte difiusion xn the 
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po«3 Of such media would b. «.r«ncty United due to their large size. Consequently 
the mass tnmsfer and the productivity of *uch media Wd he low. 

Therefoce. chromatogmphy and adsorptioa of very large molecuhr v;eight 
moUeules and biop«l5cIcs «e hain|,««d by a screening effect, independent of the 
5 modeofadsorpdoa. Ifad«,rptioa ofthet^g^t BMW compounds occorg. it. s 

restricted oidy to the «t«nal suifiicc arra of soAcnt bead., and thorefotc yields lov, 
biadins capacities. This mode of operation, fcnovm aS positive adsotplion, » rarely 
used due to this very low binding capacity. ^ 
Direct recovery of large macromblecules In the flowthrough of soUd phase 
10 beds is kno^ as negative soUd phase purification. HMW compounds flow through 
the colunoi v^thout being delayed, while smaUer contaminants, like proteins, amino 
acids, sugars and salts, diffuse in the intrapartide volume of the solid phase porous 
beads, where they cm be delayed or adsorbed. iWs approach shows numerous 
drav*acks detrimental to performance of separations. First, if separation is based on 
15 sL^^ exclusion, the loading and the operational linear vdodty are very low, 

dramatically redudngthe column productivity. In addition, if separation 5s based on 
adson^tlon, large rcsln volumes are required as all the contaminants must .fifSise and 
be adsorbed into the beads. Purthermore, negative purification processes do not offer 
any selectivity between different types of ve^r large maeromoleeules. *s they co^lutc 
20 in the flowthrough. In panieuUr. it is impossible to segregate plasmids from genomic 
DNA and largeBNA molecules using negative chromatography purification prQcesses. 

AS an intermediate case between positive and negative adsorption processes, 
the aperatins conditions can be set suchthat both the HMW compounds and the 
contaminants are adsorbed. lathis aoiation, flbwthrough of the target component 
25 (such as a very large macromolecule) will occur only after the initial saturation of the 
external surface of the beads. Such conditions, however, lead to a decrease in taiBct 
component recovery. 

In addition, solutions of BMW biopolymers (such as nucleic adds and 
polysaccharides) and biopartldes tend to have a high viscosity.. In turn, the high 
30 ■ viscosityimpairspurificatioao£thcsecompoundsinmanyw3.ys;forocample: 
it reduces the dilmsivity of the compounds, and therefore: 
tremendously reduces boundary layer and intrapartide mass 
transfer rate; and 
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h increases the hydraulic resistance of a fixed bed column and 
generates large pressure drops. 
The augmentation of mass transfer resistance is cxtrcroely prcjudidal to the 
adsorbent capture efficiency. Longer residence times can potentiaUy counterbalance 
5 the reduced rate of adsorption. Jn order to achieve such longer restdcnce time. 

however, it would be necessary to use vtry low linear velocity or very long columns. 
Both strategies we impracticable as they result in very long purification cycle time and 
increased pressure drop. 

Large pressure drops generated by high viscosity samples, such as those 
10 containing HMW macromoleculcs, restrict the use of semi-rigid adsorbents as these 
semi-rigid adsorbents are deformed under the mechanical strain and laid to clogging of 
the column. In order to reduce the pressure drop, extremely low flow rates or very 
large paitidc diajnctcr could bo used. However, at the preparative level, both 
solutions are unrealistic because they lead to large cycle time on the one hand, and 
13 very low binding capacity due to too smaU interactive s'uifece area of laxge biopaiticles 

on the other hand. 

Furthennore. solid particles itsected through a packed bed of beads are 
progressively trapped in the intrapaiticle spaces where they accumulate ai;d tend to 

irreversibly clog the column. 

20 Some of the problems associated with high viscosity samples and the presence 

of particulates in a feed stock caabc circumvented by using a sdrred tarf:. However, 
the solid and Kquid mbting tjsing stirred tank contactors restrict the capture efficiency. 
Compared to a fixed bed, the productivity of a. stilted tank is reduced due to the low 
concentration of the adsoibent in the contactor. Moreover, semi-open systems, such 

25 as stirred tanks, are difficuh to clean, sanitize and automate. 

Huidizcd bed contactors are also an altematiYe means for processing high 
viscosity samples and samples containing insoluble particles. (See. £.g.. Euijs and 
Wesselingh, "Batch Huidized ion-exchange column for stream contain-lng suspended 
particles," y. Chrom., 2011^19-321 (19S0); Chase *TPurification of proteins by 

30 adsorption chromatography in cx-p=ndcd beds." IiS/^, 12:296-303 (1994); Somcrsc/ 
al., "Isolation and purification of endo-polygalaauronase by afSnity chromatography 
in a fluidizcd bed reactor," ChoTri. Eng. J.. 40: B7-B 19 (1989); and WdU et al, 
Xiquid fluidized bed adsorption in biochemical recovery from biological suspensions." 
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Separation far Biotechnology, M Verall, ci, EUhHanvood,* Chicestcr. pp. 217-224 
(1987)0 However, the media or adsorbents ccmmcrdallx available at present are 
inadequate for the purification of HMW molecules and particles. (S^e US Pat, No. 
5,522,993 and European patents EP 0 53S 350 Bl, EP 0 607 998 Bl.) The intenial 
5 porosity of these media or adsorbents is inaccessible fbr very iar;gc solutes, and their 
large particle diameter undesirably decreases the external surface area^ As a result, 
these media provide only licuccd capaciqrfor the purificataoii of HMW molecules and 
particles. 

Huid bed separation processes arc attraaive for the recovery of bioproducts as 

1 0 they achieve lower operational pressures than a packed bed and are resistant to fouling 
by particulates aod suspended materials in the feed stock. Jluidized-bed technology 
has been successfully employed as early as 1958 for the recovery of small molecules, 
such as andbiorics- {See Bartels ei at, **A novel ion exchange method for the isolation 
of streptomycin;' Chent. Eng. Prog., 54(8):49-51 (1958); Belter ctal, '-Development 

15 of a recovery process for novobiocin," BiotechnoLBioeng., jS;533-549 (1973),) 

More recently, this technology has been applied fbr the recovery of latTger molecular 
weight molecules, such as proteins, from uncloriSed feed stocks. (See, A, Bascoul, 
'Tluidisatlon liquids-soHde. Etude hydrodynamiquc et cxtructioa des protelnes./' 
Thc$e d'etat, Univcrsite Paul Sabatler, Toulouse, France (1939); B. Biswu-is, 

20 "Chromatographle d'cchange d^ons en couchc fluidlsee. Extraction des protelnes du 
lactoscrum," These dc docteur ingenleur, In^titut national polytcchniqucde Toulouse. 
Toulouse, France (1935); Biscans et al, Entropie, 125/126 : 27-34 (1985); Biscans et 
al, EnrropiX 125/126 : 17-26 (1985); Draeger and Chase, "Liquid iluidi^ed bed 
adsorption of protein la the presence of c^Sls^' Bioscparation^ 2: 67-80 (1991);. 

25 Dr^cgcr and Chase, **Liquid fluidtzcd beds for protein purification,*' Trans IChemE, 
62(part C): 45-53 (1 991); J. van dcr Weil,*'Condnuoas rccovety of bioproducts by 
adsorption," PhD Thesis, Delft Univcraity, Delft (19S9); and WcUs d a2., "Liquid 
fluidized bed adsorption in biochemical recovery from biological suspensions." 
• Separation fbr Biotechnology, M. Verall, ed. EHis Harwood, Chlcester, pp. 217-224 

30 (19S7)0 

US pat. No. 4,976,865 describe* a method and a column for fluidized bed 
chromatographic separation of samples containing molecules vrhich have a tendency 
towards autodenamration, indtt<Eng biopolymcrs of medium molcculw weight, such as 
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proteins, enzymes, toxins and antibodies. This method aissuinfts that any suspended 
material in the sample or feed acock is removed during loading and washing, while the 
molecules of interest dcSixse inside the adsorbent loaded ia the column^ However, the 
operational hinding capacity of the procedure and materials describe in US Pat. 
5 No. 4,976,8SS are inadequate for the biopurification of BMW molecules end 
btopaiticles. 

' US Pat No. 5.522,993 and European patents EP 0 538 350 B I, EP 0 607 998 
Bl, describe spedal polymeric rean media, especially agarose, having small particles 
of dense materials Vrtthin the media, and their use in fluidized beds. The dense material 

10 described for use trapped within the polymeric resin media include glass, R^^^ 
silica. However, despite the gain in density of this media due to the prcsenj of the 
small particles of dense material, the density is still relatively low, and thus in order to 
achieve a stabilized fluidized bed, large bead diameter is required to compensate for 
the low density differential between the liquid and soUd phases. European patents 

IS EP 0 53 S 350 B 1, EP 0 607 998 Bl also describe beads which consist of a porous 
conslomerate of polymeric material and density contxoUIng particles tisercin. The 
beads described m these three patents are inadequate for the isolation of HMW 
molecules and biopandclcs as the low density and the large particle sise of these beads 
are not conducive to separation of macromolecules and bioparticles, 

20 Summflry of the Invention 

The present invention provides new dense mineral oxide soUd supports or 
microbeads which exhibit high density, low porosity, high external sur&ce area and 
high binding capadty. The small dense mineral OJddc soUd supports or microbeads of 
the present invention may be used in various solid phase adsorption and 

25 chromatography mcdiods including packed bed and fluidized bed methods, and are 
particularly useful in fluidizcd bed devices and allow higher linear veloclues to be used 
in such fluidizcd bed devices. These solid supports or microbeads are particularly 
suited f or sepafatin g nri^ol^^^ ^" ^^^ biolopical molecules, such zs bioparUdes and 
"hi^h molecule weight macromolecules, cspcciaUy in flutdized bed or expanded bed 

30 methods. 

Accordingly, one object of the present invention concerns dense mineral oxide 
solid supports or microbeads comprising a) a mineral ordde matrix h^ vins,2^ g^^^ ^ 
volume which is less than 30% of the total volume of the mincral^ "de ^atrij^ jnd b) 
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an interactive polymer nctworic which is rooted in pores of the mineral oxide tnatxix 
The dense mineral oMde solid supports or raicrobeads of the present invcntioti have 
densities of dbout L7 to II. and prdkcsbly &om about 2.1 to about 10, and particle 
sizes mthin the range of about 5 ^m to 500 i-un, and preferably in the range of about 
5 10 firato lOOpm- 

The mineral o^ddc macrrc may comprise particles of one mlnerd oxide, or axiy 
comblnadoa of two or more mineral oxides* Preferably, the mineral oidde matrix is 
comprised of particles of very dense mmecal 03dde% such as txtania, ztrconia* yttria, 
ceda, ha&ia, t^talia^ and the Itke^ or mixtures thereo£ The pazticle size of the nuneial 
ID oxide starting materials may be varied depending on the surfecc characteristics desired, 
and typically for relatively smooth mineral oxide matrix sujfaces, particle sizes in the 
range of about O.I \im to 3 |im are used^ and for rougher mineral o:dde matrix 
surfaces, pardcle sizes in the range of about 3 pm to 15 \mi m iised 

The interactive polymer network may comprise copolymerized monomers^ 
15 bifunctional monomers, or combinations thereof, or crosslinked synthetic linear 

polymers, natural organic polymers, or combinations thereof and the components used 
to form the interacting polymer network are selected in order to confer a 
predetermined property or properties to the resulting polymer network. The 
interacting polymer network components may be selected such that the resuhlng 
20 polymer network has aSinlty for a desired targe: molecule, or such that the resuldng 
polymer network has a predetermined property or properties which allow the pol>Tncr 
network to be subsequently flinctionalized or derivatLzed to have affinity for a desired 
tar^get molecule using techniques well knowTi to the sb'Ucd artisan. 

Another object of the present invention concerns use of the novel dense mineral 
25 oxide solid supports or microbcads described herein in solid phase adsorp'tion and 

chromatography methods. Accordingly, the present invention also relates to a method 
for separating a desired biological molecule firom a sample containing the same 
comprising loading a chromatography device with a chromatography bed comprised of 
dense mineral oxide solid supports or microbeads comprising a) a mineral oxide matrix 
30 having a pore volume which is less than 30% of the total volume of the minera] oxide 
matrix, and b) an interactive polymer network which is rooted in pores of the mineral 
oxide matrix^ feeding the sample containxiYg said desired biological molecule into the 
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chromatography device, dischar^ng widesircd components and impurides of the 
sample from the chromtogcaphy device, releasing the desired biological molecule 
from the dense mineral o^dde solid supports and elutingthe desired biological molecule 
from the chromatography device. The interactive polymer network of the dense 
5 mineral oxide soUd supports used in this method is prepared such that it h*s afiSnity for 
the desired biological molecule, or the interactive polymer nctv/ork may be 
fiinctionttlizcd or derivatized to have afiSmty for the desired biological molecule. In 
addition, when the sample is fed mto the chromatography device, the desired biological 
molecule is adsorbed to the dense mineral oxide solid supports or rmcrabeads. 

1.0 Yet another object of the present invention concerns a fluid bed method for 

chromatographically separating a desired biological molecule from a sample containing 
the same coraprismg providing a fluid bed reactor or column with a chromatography 
bed comprised of dense mineral oxide solid suppons.compciiing i) a mineral o;dde 
matric having a pore volume which is less than 30% of the total volume of the mincr^ 

15 o;cidc matrix, and ii) an interactive polymer network which is rooted in pores of the 
mineral oxide matrix, creating a £mdizcd bed of said dense mineral oxide solid 
supports In said fluid bed reactor or column, feeding the sample containing said desired 
biological molecule into ths fluid bed reactor or column under conditions which 
maintain the dense mineral oxide solid supports in the fluidlzcd bed, discharging 

20 undcsircd components and impurities of the sample from the flind bed reactor or 
column, and effecting the release of the desired biological molecule from the dense 
mineral oxide soUd supports and dutingthc desired biological molecule from the fluid 
bed reactor or column. The interactive polymer network of the dense mineral oxide 
solid supports used in this method is prepared such that it has affinity for the desired 

25 biolo^cal molecule, or the interactive polymer network may be fimcuonalized or 

derivatized to have afnnity for the deared blolo^cal molecule. In addition, when the 
sample is fed into the fluid bed reactor or column, the desired biological molecule is 
adsorbed or attached to the dense mineral oxide solid supports or microbends. 

These and other objects of the present invention will become apparent to those 

3 0 sldllcd in the art from a reading of the instant disclosure. 
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Detailed Pe5crSption of the Invention 
Cla^slc^ cbrom^ogiraphy media and their methods of use are inadequate ibr 
the purification of HMW macromolecules and large molecular entities. The present 
invention provides adsorbeztt$ (plso re^ta'cd to herein as ^5olid support^*' or 
5 '•microbeads" ) having a small particle <Samctcr and high density which provide large 
binding capacity for HMW compounds and can be operated id a low pressure drop, 
high throughput fluid bed process. Furthermore, the jnicrobeads of the present 
invention can be modified by flinctionalized pobmcrs or monomers enabling the , 
exploitation of high selectivity separation. 

10 According to the present invention very large or HMW macromolecules or 

biopardcles can he separated using solid particles of small diameter and very high 
' density. These particles arc designed to be u$td in suspension, and in panicular, in 
£uid bed modes. Unlike packed bed columns, jEluidized bed contactors cxhibic low 
hydraulic resistance and arc not impeded by pressure drop limitation or ftiuling. 

15 Easting typical fluid bc^d parfcles include porous gel materials having particle 

diameters of typically 100-300 ^m and mean paitide density of about i.2 g/^ml. (Sec 
Batt etal, "Ex-p?mded bed adsorption process for protein recovery from whole 
mammalian cell culture broth," Bios&paraiton, 5: 41-52 (1995).) These materials arc 
not suited for the separation of very large or HNfW macromolecules and biopartidcs 

20 as these components do not difluse within the pores or gel network ofthc media and 
adsorb only on the external surface area of the media. Due to the large diameter of 
' existing fluidized-bed gel particles, the exteaial surfece area of a given amount of bead 
volume yields only a modest value, and as a result the binding capacity is very small, 
MorcovcTp gel-type materials offer only limited density, typically wthin 1.1 to L3 

25 g/cm*. These low densities set stringent limitations in terms of operating velocity that 
ilxnit the productivity of the column. 

Rather than enlarging the pore volume aUowing the HMW macromolecules or 
panicles to difiiisc, according to present invention the particle size of the beads are 
decreased and the surface area is increased due to the diminution ofthc average 

30 particle diameter. The surface area per unit volume of a bed of spherical particles 
varies proportionally with the inverse of the particle diameter. Therefore, by 
decreasing the particle size, the surface area of media is advantageously increased, 
thereby increasing the binding capacity for a given molecule. 
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However, whca dealing with a fluid bed, the usefiilaess of small d'waieter gel- 
based beads is limited by the tentiinal velocity of Ae solid inateaal. The particle 
terminal velodty, /.«., thevdodiy at which the beads are qccted from the columoby 
an upward Uquid flow, depends oa the square of tfie panicle <fiametef times the density 

5 diffccential between solid and liquid phases. For small and light beads the particle 
tenninal velocity is so low that operation in flmd bed mode would require an 
unrcalisdcally small operating vdoca^ in order to keep the beads from leaving the 
column. That is, small gd based partides, which have low deosiUes, Tvould be ejected 
from the column of contactor even at modest fluidkatlon velocities, e.g.. less than 

10 about 50 cm/hour. Therefore, large bead diameters must be used wItJi these beads to 
compensate for the low density differential between the liqdd and the solid phases; 
however, large particle diameters result in lower binding capacity for the media. 

This problem Is overcome according to the present invention by using small 
diameter particles made using novel solid materials which exhibit a very high density 

15 that permits fluidization of these small diameter panicles or microbeads even at 

elevated velocities. Thus, in the solid supports or microbetuis accordingto the present 
invention, high external surface area, and consequently high binding capacity, resulting 
&om small particle diameter is combined with ft high bead or panicle solid density 
vi*ich allows rapid process velocities to be used in methods using these solid supports 

20 or microbeads according to the present invention. 

The solid support materials or adsorbents of the present invention are made 
using very dense mineral oxides such as titania, airconia, yuria, ceria. hafijia, and 
tantalla, or mixtures thereof UnKke classic porous mmeral oxide based materials for 
chfomatofitaphic application, the soUd support materials or adsorbents of the present 

23 mvcndon have low pore volume so that the apparent density of the materials is a large 
fhiction of the intrinsic material density. In the soUd support materials or adsorbents 
of the present invention, the pore volume Is lower than about 3 0 % of total bead 
volumci and preferably the pore volume is 5°/« to 25%, a^d more preferably 5% to 
XS%, of the total volume of the bead volume. The pore volume of the solid support 

30 materials or adsorbents can be modulated by adequate temperature treaunent. 

In the solid support materials or adsoibents of the present invention, the pore 
volume is left just large enough to aUow polymers to be rooted in the pores, and these 
rooted polymers Iay«r on the external surface of the beads where the interacdon with 
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the xnacromolccules occurs. The resulung layer of polymers, or interactive polymer 
network, is stable and remains in place. The interaction of the desired molecules 
occurs on the external surfiicc area of the beads due to the rooted pobTOcrs. 

Mineral oxido Diatrfccs cr micTobcads for use in the present invention are 
5 prepared by methods which allow condensing of small particles of mineral oxide or 
condensing of salt soluble molecules of heavy dements, A variety of techniques 
known to the skilled artisan, such as eraulsion/suspeosion techniques, spray-drying, or 
sol-gel methods (as described, for cxaaiple, in U.S. Pat No. 5,015,373), may be used 
to effect the agglgracration of the composinons described in the present invention. 

10 In general, mice oparticles of a mineral oxide (e.g,, titania powder or zirconia 

powder, or the like) having a diameter in the range of 0.1 ^un to 15 \xca are suspended 
in a water solution containing soluble sodium ^cate at alkaline pH^ and the solution is 
poured into an oil bath under stirring to obtain a suspension of droplets that contain 
microparticles of the mineral oxide. Once the oil suspension is acidified with an 

15 organic acid, sodium silicate forms a gel (the liquid droplet is turned into a gel panicle) 
that entraps the solid micropanicles of dense mineral oxide. These geUfied mlcrobeads 
arc then separated fi'om the oil using well-known physical means and are dried at about 
SO^'C- 200*^0. The gel hardening process allows the conglomerate of small particles to 
stabilize. Moreover, an inter small particle porosity or intra-bead porosity appears due 

20 to the reduction of the gel volume. At this stage, the pore volume is between about 
30% to 70% of the bead volume. 

The resulting beaded porous mineral oxide particles are then ficed at a high 
temperature, c.^., in the range of about 900*C to ISOO^C, and preferably between 
about 1000*»C to 1400X, for a period of about 1 to 12 hours so as to melt the 

25 submicroparticles together and reduce the particle diameter and reduce the pore 

volume to less than about 30%. The.firing temperatures and times are dependent on 
the nature of the mineral owdefs) used as the starting material, and can he readily 
determined by the stalled artisan. 

The dried low porosity mineral oxide particles arc then impregnated -with a 

30 solution of fiinctionaiized monomers or polymers and crosslinkers by adding the dried 
low porosity mlnenU particles to a monomer solution, wherein the amount of the 
monomer solution is in excess the pore volume of the porous mineral material, 

-10- 
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preferably by about 5% tg 10%, and starting the polymcrixatioiL The polyroftrization 
of The orBanic products is accomplished by means ofchcmical inducers, iacluding but 
not limited to wefl known chemical catalysts associated or not to physical Inducers, 
such as intense UV Kght or any other fomx of inratEation such as gamma inadiation or 

5 oiicnjwavtts. Temperature may also be used to induce crosslinking or 

copolymerizatlon of the monomer solution. A deared fcnctionalization of the 
polymers is obtained by selecting the appropxiate monomers before polymerization, or 
by clasacal chemical reactions on the organic layer after polymerization. 

As an example^ accorduag to the present invention* haffaia mineral oxide 

10 matdces or roicrobeads may be made by various means knowaia the ait that geacr^^^ 
yield materials having a pore volume of benvccn 30 to 70% of the total bead volume. 
Thereafter, the resulting hafiiia beads arc fired at 1200 to 1400«C for about 2 to 4 
hours In order to collapse the pore volume and increase the sp ecific density of the 
beads. As a result, the initial pore volume of about 30% to 70% is decreased to about 

15 10% to 20%. 

After firing the base mineral oxide solid support materials or mineral oxddc 
matrices, a solution containing a mixture of monomers, which include an appropriate 
Ugand or appropriate linker, is injected in the pore volume of the resuking low pore 
volume haihia beads and is copdlymcrizcd in the presence of crosslinkcrs. The 

20 impregnation volume of the monomer solution should be a little higher. 1% w 
10% higher, and preferably 5% to 10% higher, than the pore volume of the beads such 
that the funaionalizcd pol^Tucr is anchored or rooted in the internal porosity and is 
also present, as a thin layer, on the external surface of the dense solid support 
materials or microbeads. 

25 Solid supports or adsorijents made in accordance wth the present invention 

may then be separated, washed and used In various chromatographic techniques, and 
hx particular, the small, deasc solid suppons or microbeads can be used mfhud bed 
devices in order to process and separate faiologjcal molecules or blopartlcles of 
interest, including very large macromolccules and bioparticlcs. 

30 The interacting polymer netv/orkcd with the mineral oxide matrix of small, 

dense solid suppons or microbeads of the present invention may comprise 
hydrophobic or hydrophiUc polymers or both. The polymeric siructunss can be 

-11- 
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obtained by polymerization of monomers under specified conditions or can be the 
result of crosslinkiiig linear soluble polymers. 

In the case where monomers zic copolymcrized on the sur&ce of the mineral 
oxide particles or beads with some rooting inside the pores, the initial impregnating 
5 solutions c^n be composed of monomers &om different fJunilies, such 9S aciyUc 
monomers, vinyl compounds, and allyt monomers, or a mixture thereof. Typical 
monomers for use ui the present invention, include but are not lizTUted to, the 
following: 

- AUpbadc ionic^ non-ionic and reactive derivatives of acrylic, methaoyUc, vinylic and 
10 allylic compounds such as, but not limited to» acxylamide^ dimethylaccylarmde. 
trisaccyl, acrylic acid, acryloylglyclne, diethylaminoethylmethactylamide^ 
vinylpycrolidone, vinylsulfonic acid, allylamine, allylglycydylethcr, or derivatives 
thereof and the like; 

- Aromatic ionic, non-ionic and reactive derivatives of accyllc, methacrylic, 
IS vinylic and allylic compounds, such zs, but not limited to, vinyltoluene, 

phenylpropylaoylamide, trimethylarainophenylbutylmcthaciylate, iritylacrylamlde, or 
derivatives thereof, and the like; 

- Heterocyclic Ionic, non-ionic and reactive deri^^atives of acrylic, methacrylic, 
vinylic and aJlylic compounds, such as, but not limited to, vinylimid azoic, 

20 vinylpyrroHdone, acryloylmOfphoUne, or deri\'atives thereof and the like. 

Bifiinctional monomers may also be used in fartnlng the interactive polymer 
nerwork of the solid supports or microbeads of the present invention in order to 
mcrcase the stability of the gel structures. Blfunctlonal monomers suitable for use in 
the present invention are those containing double polymerizable functions^ such as two 

25 acrylic groups, that react Tvlth other monomers during the process of forming the 
interactive polymer ncrwork staicture. More specifically, monomer^ which may be 
used in fbrming the interacting polymer network of the solid support materials or 
microbeads of the present invention include^ but arc not Emited to, the following: 

- Bisacrylamides, such as, but not limited to, methylcne-bis-acrylamide, 

30 ethyicnc-bis-acrylamlde, hexzmethjdcne-bis-acrylamide, glyoxal-bis-aciylamide, and 
the like; 
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- B5s-methacrylainid!es, such as, but not lirmted to, methyienc-bis- 
mechacrybuxud^ othylene-bis-jncthRcrylaitude, h^xamcthylenc-fals-mcdiacrylanude, and 

the like; 

_ Bis-acrylatcs, such a5, but not limited to, diethylglycoldiacrylaic, 
5 diethylslycolmcthacrylatc, cthylcneglycoldtaccylate, ethylcncgiycoldimcthacrylatcv and 
the like; 

- Ethyleaeglycol-mcthacyletes, and the like; and 
*• DiaUyltartradiainidc. 

The monoxners, bifiinctional monomers, or coxnbinations thereof sdected to 

10 form the interactive polymer nccwprlc of the soUd supports or niicrobeads of the 
present invention confer a predetermined property or properties to the resulting 
polymer network. A polymerized or crosslinked gd network rooted in the pores is 
formed and layered over the surfece of the beads. Properties v/hic3i are of priraaiy 
interest for the solid support materials or compositions of the present invention 

15 include, but arc no: limited to, ion exchange effects, hydrophobic association, reverse 
phase interaction, biospccific recognidon, and all Inteanediates of such, or 
combinations of two or more of these properties 

Soluble organic polymers, such as linear polymers from synthctic or natur^ 
sources, may also be used to Xill the pore volume and coat the external surface area of 

20 the mineral o:dde dense beads of the present invention. The synthetic and natural 

soluble polymers are crosslinked in place (on the sur&ce and inside the pore stmcnire 
of the mineral oxide beads or particles) by classical chemical and physical means, e.g,, 
by chemical bifunctional crosslintars, such as but not Uraitcd to, bisepoxy reagents, 
bisaldehyde5, and the like. After such polymers are crosslinked, a stable gel network is 

25 formed which Is anchored or rooted in the pores and layered on the sumce of the 
mineral oxide matrix of the solid supports or microbcads of the present mvcntion. 

CrosslinJdng agents useful in the present invention include vinyl monomers 
having at least one other polymerizablc group, such as a double bound, a triple bond, 
an allylic gfoup, an epoxide, an azetidine, or a strained carfaocycUc ring. Preferred 

30 crosslinking agents include, but arc not limited to. N,N'-methylene-bis-<acryIamide). 
N *-mcthylene.bis-(methaciylaimdeX dlallyl tartradiwmde. sdlyl methactylate, diallyl 
amine, diaUyl ether, diallyl carbonate, divinyl ether, 1,4-butancdioldivinylcther, 
polyethyleneglycol divinyl ether, and l,3-diaIlyloxy-2-prop3nol. 
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Synthetic linear polymers which may be used in the present invention include, 
but are not limited to, polyethyleneirmnes, polyvinyl alcohol, polyvinylamines, 
pol3rvinylpyrrolidotie, polyethylcncglycols, polyarainoacids, nucleic acids, and their 
derivatives. Natural soluble poLyineac molecules which may be used in the present 

5 invention include, but are not limited to, polysaccharides, such as agarose, dextran, 
cdlulose, chitosans, glucosaminostycans and their derivatives, and nucleic acids. 

The small, dense mineral oxide solid supports or microbeads of the present ^ 
invention may be used advaatagcQusIy in various chroznatography methods \AIchmay 
be carried out in a fluidized bed mode, a packed bed mode> or other modes of 

10 openitlon. The solid supports or microbeads of the present invention are particularly 
useful in methods for separating or isolating a desired molecule or biopairidc of 
interest firom a crude sample with a fluidized bed mode of operation. 

Methods for separating or puti^g desired macromolecules or target 
molecules of interest firom a sample typically involve at least two steps. The first step 

15 is to charge a chromaxography device, such as a packed or fluidized bed column, 
containing the mhieral owde solid supports or microbeads of the present invention 
with a solution containing a mixture of biomolccutcs, at least one of which is the target 
molecule of interest. The second step is to pass an eluent solution or elution buffer 
through said chromatography device to effect the release of the target molecule of 

20 interest from the solid supports or microbeads and the chromatogmphy device, thereby 
causing the separation of the target molecule from the sample. 

"Stepwise" clution can be effected, foe example, v^ath a change in solveat 
content, salt content orpH of the eluent solution or clution buffer. Alternatively, 
gradient clution techniques well known in the art can be employed. Elution buffers or 

25 cluent solutions suitable for use in the present invention are well knowTi to those of 
ordinaiy skill in the art For c^cample, a change in ionic strength. pH or solvent 
composition may effect release of ;i molecule which is bound to a solid phase support. 
Elation buffers or eluent solutions may comprise a salt gradient, a pH gradient or any 
particular solvent or solvent mixture that is specifically usefiil in displacing a desired 

30 maccomolecule or target molecule of interest 

For methods of separating or isolating a dedred macromotecule in fluidized bed 
devices, the small, dense solid support materials or microbeads of the present invention 
fimctionali^ed with an interactive polymer network having an affinity for the desired 
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macromolcculc are loaded into a fluid bed device, and a sample or a feed stock 
containing the desired niacromoJcaile to be separated is fed into the fluid bed device. 
The sample or feed stock flows through the fluid bed device in an upward direction so 
as to lift the solid support materials ortcicrobeads v^thiimrced pressure drop. The 
5 desired macromolecules are m such a way adsorbed on the surface of small dense solid 
support materials or xnicrobeads due to the fimctionalityOes) carried by the interactive 
polymer network of the beads, and thus impurities are separated by the cominaous 
upward flow. Washing in the same direcdon is followed and adsorbed 
macromolecules are desotbed by passing an elucnt solution or dutlon buffer through 

10 the fluid bed device to effect separation of the desired macroraolecule as a result of 
physicQcheraical chanees, such as pH changes, ionic strengtb adaptation, or solvent 
composition, and other means well known to the skilled artisan. 

Once the separation is completed, the solid supports or microbeads are washed 
exten^vely to eliminate all very tightly adsorbed biological materials, and 

15 reequilibrat$d in the appropriate solution so that another separation cycle can be 
iniuated. 

The methods of the present invention are effective to isolate or separate a 
broad range of large biolosical molecules, including proteins (such as thyroglobuUn, 
a2 macroglobuUn, antibodies of IgG and IgM classes, and the like), carbohydrates 

20 (such as hyaluronic acid), bioparticlcs (such as viruses, ^^ral vectors, membrane 

proteins, cellular structures, and the like), and nucleic a^ids (such as plasmids, DNA, 
KNA, large oligonucleotides, and the like). The solid suppons or microbeads of the 
present invention are pmicularly useful in methods for separating or isolating high 
molecular weight macromolecules, such as nucleic acids, plasraids, polysaccharides, 

25 protein aggregs-tcs, and bioparticles such as viruses, viraJ vectors, membrane proteins 
and cellular structures. Such methods are preferably pecfonned in the fluidized bed 
mode of operation. 

The main advantages of the small, dense solid support materials or microbeads 
of the prcscnr invention for use in the capture of high molecular weight 
30 macromolecules and biolo^cal particles arc as follows; 

a) the low particle size yields a high external surfeca area and consequently an 
increased binding capacity compared to traditional laiBc porous gel based media; 
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b) high external sux&ce area binding allows for nunimusng pore volume and 
maximizldg the bead deo^ty; 

vecy dense beads allow high linear process velocities to be used in fluidlzed bed 
contactors or devices and low operating pressure even in the presence of viscous 
5 material, such as samples containing large macromoleculcs and biopartides; 

d) very rapid mass transfer is possible due to the absence of intrapanicle dlffiislon, 
i.e., using the external surface area as the adsorption-eluting mechanism, the final 
collected volume is sniT^^^e*' than &om conventional fixed or fluid bed ' 
technologies with existing porous materials, and thus the adsorption/dution 

10 Idnetics are very rapid and adsorption can be performed at very low residence 

time vAxh negligible loss of the target molecule in the effluent; 

e) adsorption of contaminants is reduced compared to traditional porous get 
media, because the adsorpcion sur&ce is conJcined to a small external layer and 
docs not Include the intraparticle volum^ 

15 f) sepanition between difFerent types of very large macromoleculcs is possible by 
adjusting the dution conditions. 

Possible variations on the design of the small, d^nse mineral oxide solid support 
materials ormlcrobeads of the present invention indude, but are not limited to, 
changing the shape of external surfiice area of the matcrids , changing tixe composition 
20 of mineral oxides in the materials, and changing the composition of the interactive 
polymer network that is rooted in the mineral oxide matrix or base materials of the 
small, dense solid support materials ormicrobeads of the present invention. In 
addition, the surfece of the mineral oxide solid phase or base material, where 
substantially all the macro molecules interact, can be smooth, or rough in order to 
25 increase the surface area, as shown in the examples below. 

The invention is further defined by reference to the following examples that 
descdbe in detail the preparation of the small, dense soFid supports ormlcrobeads of 
the present invention and methods of using the same. It will be apparent to those 
■ skilled in the an that many modifications, both to materials and methods, may be 
30 practiced without departing firom the purpose and scope of this invention. 
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Preparation of collapsed porous siHca inicrobeAds 
with eahKnccd doisity by cmuUion condcnsftUoxi 

30 grama of diy solid irreguUr silicon Gxide (having partidc Sizes ia the rango 

5 of 0,3-3 piri) were dispersed under stirring in IS tci Of a concentrated 35% sodium 

silicate solution and then diluted wth 20 ml of distilled water and 9 ml of acetic acid. 

The resulting homogeneous su^ensiort was slowly poured into an agitated paraffin oil 

bath contairung 2% of sorbitan sesquioleate and dispersed as small droplets. 

The suspension was stirred for 1 hour at ambient temperature, and than heated 

10 at SS^'C for 1 hour. 

Dispersed Equid droplets containing silicon oxide patticles were thus turned 
into gelled beads. The resulting gelled beads had an average diameter of SO and 
comprised a dlica hydrogel having trapped within its network solid micropardcles of 
pr&-formed solid »licon oxide. The gelled beads were recovered by filtration, washed 

15 and dried at 80^C under air stream for 16 hours. During the diyin& the hydrogel was 
progressively dehydrated and acted to bind the solid silicon oxide microparticles. The 
pore volume of resulting beads was about 1/3 of the bead volume. The beads were 
then fired at I lOO OC for 2 hours. As a rcsulc of this firing, the bead sub-particles 
were particily melted and fiiscd to each other thereby reducing the pore volume. After 

20 this treatment the final void pore ^Tilume represented about 10% of the whole bead 
volume. The density of the dry beads was about 2.1 g/cm^. 

The diameter of the bead and the distribution of the diameters are controlled by 
the mechanical agitation of the para^ oil bath and the amount of surfactant used. 
Other means of emulsifications can be used to control the bead diameter. 

25 The resulting dense solid support materials or microbeads may be subsequently 

co^itcd or filled with an interacting polymer network comprised of various organic 
polymers in order to confer specific bicmolecule adsorption properties to the solid 
• support materials or mlcrobcads, 

Exftmple 2; 

30 Preparation of zircon (atirconlura sHicide) 

microbeads with reduced pore volume 

Microbcads were prepared as described in Example 1 ©icept tiiat silicon ostide 

solid iixegular microparticles were replaced by zircon fine powder (having particle 
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sizes la the range ofO.l- S pun). The dried znicrobeads obtained Math this 
methodology were then fired at 1400^C for 4 hours to reduce the initial pore volume 
(about 1/3 of bead volume) to about 10% of bead volume. 

The density shown by these beads was about 4JZ g/cm?. 
S The resulting dense solid support materials or microbeads xnay be subsequently 

coated or filled with an interacting polymer network comprised of various organic 
polymers in order to confer spedficbiomolecule adsorption properdes to the solidi 
Support materials or microbeads. 

ErainpleS; 

10 Preparation of tltania (titanium oxide) 

mttrobeads with reduced pore volume 

Microbeads were prepared as described in Example 1 except that silicon oxide 
solid irregular microparticles were replaced by titanium oxide fine powder (having 
particle sires in the range of O.I- 10 |Jot). The resulting dried microbeads were then 
15 fired at 1200 for 4 hours to reduce the initial pore volume (about 1/3 of bead 
volume) to about ISVo of bead volume. 

The dexisity shoxvn by these beads was about 3*5 g/cm'- 
* The re5alang dense solid support materials or microbeads may be subsequently 
coated or filled with an interacting polymer network comprised of various organic 

4 

20 polymers in order to confer specific biomolcculc adsorption properties to the solid 
support materials or microbeads. 

Preparation of hernia (hafnium oxide) 
microbe^idswith reduced pore volume 

25 Microbeads are prepared as described in Ercample 2 except that zircon fine 

powder is replaced by hafiiium oxide fine powder. The dried microbeads obtained are 
then fired at 1400°C for 4 hours to reduce the initial pore volume (about 1/3 of bead 
volume) to about lOVa of bead volume. 

The dsaiuty shown by these beads is about S,5 g/cm^. 

30 The resulting dense solid support materials or microbeads may be subsequently 

coated or filled with an interacting polymer network comprised of various organic 
polymers in order to confer specific biomolecule adsorprion properties to the solid 
support materials or microbeads. 
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Example S* 

]prep:iratiQn of tantalum oxide 
microbeads with redactd pore volume 

Microbeads are prepared as described in Example 2 except that zircon, fine 

5 powder is replaced by lantalatn oxide fine powder. The dried mJcrobcads obtained arc 

then fired at HOO'^C for 4 hours to reduce the initiai pore volume (about L/3 of bead 

volume) to about 10^ of bead volume. 

The density shown by these beads is about 7.2 ^/cm?. 

The resulting dense solid support tnaterlals or microbeads may be subsequently 
10 coated or filled vrith an interacting polymer network comprised of various organic 
polymers in order to confer specific biomolecule adsorption properties to the solid 
support materials or microbeads. 

gicample 6i , 

Prcpari^tion of zirconium oxide 
X5 microbeads with reduced pore volurac 

Microbeads were prepared as described ia Example 2 except that »rcon fine 

powder was replaced by zirconium oxide fine powder (having paitide a2es in the 

range of 0,1- 3 (im). The resulting dried microbeads were thexifired at'14aO'C for 4 

hour^ to reduce the iniual pore volume (about 1/3 of bead volume) to about 12% of 

20 bead volume. 

The density shown by these beads v/as about 5.2 g^cm^ 

The resulting dense solid support materials or microbeads may be subsequently 

coated or filled with an interacting polymer network comprised of various organic 

polymers in order to confer specific biomolecule adsorption properties to the solid 

25 support materials or microbeads, 

ExAnip!c7: 

Preparatioa of yttriit (yttriuci oxide) 
microbeads with reduced pore volume 

Microbeads were prepared as described in Exnmplc 2 except tliat zircon 
30 powder was replaced by yttrium oxide fine powder (0. 1- 3 ^m). The dried microbeads 
obtained were then fired at 1400*C for 4 hours to reduce the initial poc6 volume 
(about 173 of bead volume) to about 20% of bead volume. 

The density shown by these beads was about 4.5 g/cIn^ 
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The resulting deose solid support materials or mlcrobcads m?y be subsequently 

coated or filled "with an interacting polymer network comprised of various orgaxuc 

polymers in ord^r to confer specific biomolccule adsorption properties to the solid 

support materials or nucrobcads. 

5 Example gs 

PrepnratioiL of alumina (alumiaum oxide) 
microbeads with reduced pore volume 

Microbeads arc prepared as described on Example 1 except that silicoa o»de - 
soUd irregular rnicropartides are replaced by aluimnum oxide fine powder. The 
1 0 resulting dried micfobeads arc then fired at 1400"C ffar 4 hours to reduce the inlrial 
pore volume (about t/3 of bead vohimft) to about 20% of bead voluma 

The density shoivnby these beads is about 3.5 g/cm'. 

The resulting dense solid support raateriflls or microbeads may be subsequently 
coated or filled with an interacting polymer network comprised of various organic 
15 polymery in order to confer spedfic biomolecule adsorption properties to die solid 
support materials or microbeads. 

Preparation of highly dense microbeads with reduced 
pore volume composed of a mixture of tantalia and zirconia 

20 Microbeads are prepared as described in Bcautiple 2 except that zircoa fine 

powder is repUccd by a 50%/S0% mixture in weight of fine powders oi tantalum 

o?Qdc and zirconium o?dde. The dried microbeads obtained are then fired at l^OO'^C 

for 4 hours to reduce the initial pore volume (about 1/3 of bead volume) to about 15% 

of bead volume. 

25 The density shown by these beads is about 6.2 g^cm'. 

The resulting dense solid support materials or microbeads may be subsequently 
coated or filled with an interacting polymer network comprised of various organic 
polymers in order to confisr specific biomolecule adsorption properties to the solid 
support materials or microbeads. 

30 
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Eyample 10: 

Preparation of highly dense xnicrobeftds with reduced 
pore volume composed of a mixtaro of zirconia and hafnia 

Microbeads are prepared as described iaExwnple 9 csccept thai the 
5 cornposinon of die mbcture of fine powders in weight U SQYq zirconium oxide and 
50% hafiuum oxide fine powders. The dried microbcads obtained are then fired at 
1400*C for 4 hours to reduce the initial pore volume (about 173 of bead volume) to 
about 25% of bead volumes 

The deodty $hown by these beads is about 7 g^cm*. 
10 • The resultbg dense solid support materials or mlcrobeads may be subsequently 

coated or filled with an interacdng polymer network comprised of various organic 
polymers in order to confer specific biomolecule adsoiption ptcpertics to the solid 
support materials or tnicrobeads. 

foample 11; 

IS PrepiLratiotiofcolIapscd porous 

mineral oxides microbcads by spray drying 

The mincrd oxide micropaiticles In suspension in a solution of sodium silicate 

as described above in Examples 1 to 10 above are used directly for the preparation of 

xnicrobcads by spray drying. The suspension is injected into a verticcd drj^ng chamber 

20 through an atomizadon device, such as a revolving disk, a spray nozzle or an 

ultrasonic nebulizer, togetl^er with an hot gas stream, preferably air or nitrogen. The 
hot gas stream causes the rapid, evaporation of water from the microdroplcts. The hot 
gas stream is typically injected at a temperature of about 300^C to 3S0-C and exits the 
dryer at a temperature of slightly above lOO'C- 

25 Sodium silicate acts as a binder for the consolidation of individual aggregated 

mineral osdde micropaiticlcs. The dry microbeads obtained are then fired at a 
temperature which equals or exceeds the melting temperature of the mineral oxide(s) 
used to foim the microbcads in order to irreversibly consoUd^te the mineral oxide 
network. This operation also results in the reduction of the pore volume of the beads 

30 to less than about thirty percent, and preferably to about S% to 25% of the bead 
volume. 

The densities of mineral oxide solid supports or microbcads obtained by spray 
drying mediods are similar to those indicated on Examples 1 through 10. 
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The resulting dense solid support mftterials or imcrobcads may be subsequently 
coated Of filled with an mtecacting polymer network comprised of various organic 
poiytnera in order to confer spedfic biomolecule adsorpdon properties to the solid 
support materials or ndcrobeads. 
5 pxAtrtPle tlx 

preparation of highly dense mineral oxide 
tnicrofaeads by spray drying with reduced pore volume 

Microbeads are prepared according to Example 1 1 ejccept that instead of ^ 
sodium silicate solution, nitrates or sulfetcs of the same mineral oxide paiticlcs used to 
10 prepare the beads are used as the binder. 

The resulting dense solid support materiflls or microbeads may be 
subsequently coated or filled with an interacting polymer network comprised of 
various organic polymers in order to confer specific biomolecule adsorption 
properties to the solid support materials or microbeads, 
IS Example 13: 

Preparation of Highly dense microbeads with reduced 
pore volume and enhanced external surface area 

Spherical beads which have a rough sur&ce have a higher external surface area 

than smooth beads. This example describes a method of preparing solid support 

20 materials or microbeads according to the present invention having a rough surface. 

IvCcrobeads are prepared accordmg to Examples 1 to 12 described above 
except that the initial mineral oxide micropartides or powder used in the aqueous 
slurry have particle sizes in the nmge of 3 {im to IS ^im. When sma]l dense mineral 
oxide solid sujpports or microbeads are made according to any of the methods 

25 desciibed herein using starting materials having large particle sizes, the resulting solid 
supports or microbeads have a very rough sur&.ce and the total external area is 
therefore increased. 

Once these solid supports or inicroheads are collapsed (by the firing or 
caldnation step) and arc pro%'ided with an interactive polymer nctv^'Ork, ^.5:, such as 

30 described in Examples 14 to 20 below, these solid support materials or microbeads 
show ^milar densities to the mineral o?ddc starting material used, and demonstrate 
increased binding capacity proportional to their external suifice area. Typically, when 
the small dense mineral oxide soGd supports or microbeads of the presrmt invention are 
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made -with rough surfkces, the smftce area as -well as the binding capaottes of the solid 
supports or microbeads arc increased by about 5% to 30%. 

Eaamole 14: 

Pextran cOAted highly dense zirconium oxide beads 
5 A solution of IN sodium hydroxide is slowly added to 13 ml of an aqueous 

solution of 10% deKtran (10,000 daltons loolecular %wcight) unJal a pH of 11.5 is 
obtained. Tlien. sodium carbonate is added up to the concentration of 0.2^ and the 
solution is cooled to 4'C. To the finat mixture. 1% of butancdioldislycidykther is 
added. The resulting solution is inuncdlatcly added to 100 ml of settled smaJI dense 
10 ^ircomumoxide^licrobeadsh2vinsdiamctcr5inthe^angeofl0^lmtolOO|Jmand» 

pore volume of about 12% of the total bead volume, such as those prepared in 
EscampU 6, in order to Impregnate the microbcads \wth daoan. 

The resulting impnsgnated microbeads are transferred into a closed vcssd and 
heated at S5°C overnight. Under these condidons. the dewran soIuUoq is crossEnked 
IS in place rooted within the pores of the mineral oade solid support, thereby filling the 
pores of the solid support media and creating athree dimensional interacting polymer 
netvnsrfc of dcxtrsA which is rooted in the pores and coats the external surfece of the 
solid support materials ormiaobeads. 

The resulting solid supports or microbeads contahi about 0.25 (wt)% sugars, 
20 and cftn be used in classical chirjmatography media synthesis methods for the 
attachment of ion exchanger, hydrophobic, as wcU as affinity chemical groups. 

Example IS; 
Passivation of the surface of titaata beads 
Mineral OMde surfaces have innate liydroxyl groups as well as Le^v^s acid sites 
25 that are responsible for non-specific binding for biomoleculcs. The nature of these 
surfaces vary depending on the metal oxide and can be acidic. alkaUne of both. la 
order to eliminate non-specific binding, special polymers can be used as passivating 
agents and stabilized irreversibly in place by a chemical crossCnldng. 

The surface of titanium 03dde microbeads is almost alkaline and as a result will 
30 adsorb acidic proteins, for instance. In order to avoid non-specific binding of such 
molecules, passivation of the surface of these microbcads was accompfished by 
incubating the microbeads in 1 volume of an aqueous solution of hyaluronic acid. 
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which is well known for its non-adhcslvc propcrucs. After washing lo cHminate excess 
kyaEuronic acid, the microbcads were dried and incubated with 0,5 volume of a 
solution containing 1% butanedioldiglyddylether in ethanol and 10 % of IK sodium 
hydroxide. The suspension was incubated overnight and then washed extensively. 
5 The resulting passivated titanium oxide solid supports or microbcads may be used for 
subsc<[ucnt appjicadons. 

The resulting dense solid support materials or microbcads may be subsequently 
coated or filled with an interacting polymer network, comprised of various organic 
polymers in order to confer spedfic biomolecule adsorption properties to the solid 
10 support materials or microbcads. 

ExaiTiTite 1^; 

Highly dense tuitteral ozlde beadf 
with pore volume filled with agarose 

15 An agarose solution is obtained by dlsp ersing 4 grams of agarose powder in 

water at 60*^0 to SO^C under vigorous stirring. Aclear solution is obtained by heating 
the solution in a bailing bath for about 20 to 30 minutes. The agarose solution has the 
property to form reversible strong gels when cooled below 40^C. 

Mn^al oxide (e,g., hafhJum oxide, zirconiuin oxide, titanium ojdde, and the 

20 like) solid supports or microbcads, prepared as in Examples 1-13 arid 15, are heated at 
about ISCC in a closed vessel, and then impregnated with a volume of the hot agarose 
solution^ wherein the amount of hot agarose solution used roughly corresponds to 
110% of the pore volume of the mincraj o^ade solid supports or mictobeids. The 
resulting mixture is kept at 80-120^C for 1-2 hours, and then progressively cooled to 

25 room temperature. As a result, the agarose solution inside the pore volume of the 

microbcads and close to the surfece of die microbcads is gclificd and forms an organic, 
interactive polymer network which is ideal for the preparation of a large %'ariety of 
derivatives for liquid chromatography using classically described chemical reactions. 

Example llz 

30 Highly dense porous mineral oxide beads filled with cellulose 

A solution of cellulose triacetate is prepared by dispersion in acetone. The 
concentration of cellulose can typically be from O.I to 5% by weight Other solvents 
wdl known to the skiUed artisan can also be used for dissolving cellulose triacetate. 
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Mineral 05dde (e.g., hafiiiuni oxide, rirconla, titdzua^ and the like) solid 
supports or xziicrobeads, such as those prepared in Examples 1-13 and 15, are placed 
in a closed vessel and impregnated wth a volume of cellulose triacetate solution, 
ivherein the amount of cellulose triacetate solution used roughly cotresponds to 1 10% 
5 of the pore vohime of the miaerolo^ide solid supports or microbeads. Theresultmg 
mixture sdrred fisr 1-2 hours, and then the vessel xs opened and the solvent 
evaporated slowly by an air stream. 

Cellulose tztaeetate is deposited xvithxn the pore volume and the external 
surface area of the mineral oTOde xnicrobeads and forms an hydrophobic organic 

10 network. The cellulose triacetate is then turned into pure cellulose by mi;dng the solid 
phase (mineral o)dde microfaeads containing the cellulose derivadvc) with 0 J-2 M 
sodium hydroxide. The triacetate is hydfolyxed and cellulose is therefore regenerated. 
Cellulose is not soluble in aqueous environment, remains rooted inside the mineral 
oxide beads, and constitutes an ideal matrix for a number of derivacizations, such as 

15 the introduction of ion exchange groups or aSnity or hydrophobic groups after 
appropriate chemical activation reacdons v.rtll known to the skilled artisan arc 
performed. 

Ith mobilization of Concanavalin A on a 
20 highly dense agarose-zirconium oxide derivative, 

Agarose-airconium oxide soUd supports or microbeads, prepared according to 

Examples 6 and 16, are first dried by repeated washings with dioxa.ne to eliminate all 

traces of water. The dried microbeads arc then drained and 10 grams of the drained 

cake of this material is suspended in 25 ml of pure dioxane and 1 gram of 

25 carbonyldUroldazoIc (CDI) is added. The resulting mixture is shaken for 4 hours at 

room temperature and thcii washed extensively with dioxane to climln:ite the excess of 
reagents. The resulting CDl-activated material is mkcd with 5 ml of 10 nig/ml 
Concanavalin A dissolved in 0.2 Nt carbonate btxffcr at pH 1 0, The mixture h gentiy 
agitated ovecnighc and finally washed extensively with ■v^'ater and a 25 mM phosphate 

30 bufifer containing 0.5M NaCl pH 7^. 

The resulting dense agarose-zirconium oxide solid supports or microbeads 
having Coocanav^lin A attached chemically on the surface show a binding capacity for 
ovalbumin of about 5 mgM. 
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Examnte 19 = 

Prepamtioxi of highly dense anion 
exchanger by CnUng polymerization 

5 grams of diinethyl-aaylainide, 0.5 grams of N,N**aJethylene-bis- 

5 mcthacrylamide and 5 grams of mcthaaylamidopropyltiimetbyl-aramomum chloride 

are dissolved in 50 ml of dhnethjdsulforfde. 50 ml of distilled water arc added and 

mijced thoroughly, and then 0.2 grams of azo-bis-amdijio-propane is added to the 

mixture. The rcsuldng rnonomer solution is mixed wdth a given amount of a dry dense 

mineral oxide solid support or micfobead prepared as ia any of Examples 1-13 and 15, 

10 such that the amount of ndcrobeads used corresponds to a porous volume of 100 ml, 

and the resulting mixture is mixed thoroughly and is placed in a dosed vessel far 30-60 

minutes. 

Hie mixture is then heated far four hours at 70-90'C in order to initiate and 
complete polymcriiation of the monomer mixture. At the end of the polymerization 
15 reaction, the resulting dense ion exchanger solid supports or microbeads are washed 
extensively, and maybe used for chromatographic separ^on or isolation of proteins. 
The number of ionic groups per ml of microbeads is about 65 pnolcs and the 
binding cap&city for bovine serum albunun in classical conditions of ionic strength and 
pH is about 25 mg/ml. 
20 ExaTnrile20: 

Preparation of highly dense cation 
exchanger by filling polymerizatlott 

5 grams of dimethyl-acrylamidc, 0.5 grams of N.N'-mcthyicnc-bis- 

methacrylamide and 5 grams of acrylamidomethyl-propane sulfonic add sodium salt 

25 arc dissolved in 50 ml of dhnethylsulfoxide. 50 ml of disdlled water are added and 
mixed thoroughly, and then 0.2 grams of azo-bis-anudino-propane is added to the 
mixture. The resultittg monomer solution is mixed with a given amount of dry dense 
mineral oxide solid support ormicrobcad prepared ssin any of Examples 1-13 and 15. 
such that the amount of microbeads used corresponds to a porous volume of 90 ml. 

30 and the resulting mbcture is mbccd thoroughly and is placed in a closed vessel for 3 0-6 0 
minutes. 

The mixuire is then heated for four hours at 70.90°C in order to initiate and 
complete polymerization of the monomer mbcture. At the end of the polymerization 
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reaction, the resulting dense ion exchanger or microbeads are washed e?ctcnsivcly, and 
may be used for chromatographic reparation or isolation of proteins. 

The number of xonig groups perm! of microbeids is about 60 jixnoles and the 
binding capacity for lysoiyme in classical conditions of ionic strength and pH is about 
5 3S mg/xnl. 

Exflmpie^l! 

Measurement of bsnding capacity for a large 
protein of an anionic exchanger of different particle size 

Anion exchanger solid suppons are prepared according to Example 17, 

10 wherein the mineral oxide matrix comprises zlrconiuni oxide having pore volume of 

about 12% of the bead volume. The density shown by these beads is about 5.2 g^cm^ 
Various particle diameters of the resulting zircoitlum oxide solid supports 

having cellulose as the interactive polymer network are isolated by sieving^ specifically, 

the particle diameters isolated arc about lOpm, 20fiin» 40pm, and 80 jjim. 
i5 The binding capacities of these dUFerent size particles are measured for the 

large macromolecules thyroglobulin (mw 670,000 daltons) and a 10 kb pta^mid. 

Binding capacity is measured by breaJcthrough C^T") curve method and calculations 

made at 1 0% breakthrough. 

B?ndmg_c3padtv at 10% BT fmg/mn 
^0 for different. particle sizes and two macromolecules! 





10 {im 
particles 


20 |im 
particles 


40 \iin 
particles 


80 Jim 
particles 


ThyroglobuHn 


60 rag/ml 


27 mg/ml 


15mg/ml 


8 mg/ml 


Plasmid 


13 mg/ml 


5.8 mg/ml 


2.5 mg/ml 


1«8 mg/ml 



Binding capacity of the dense mineral o:ddc supports or microbeads of the 
present invention is believed to be dependent on the particle size, and it is 
25 believed that binding is essentially displayed on the surface of these solid 
supports or microbeads. 
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^Tample22; 

Huldizition prapertici of various 
porous dense microspheres of mindral oxides 

Three types of mineral oxide beads arc prepared according to the procedure 
5 described ia Example 12. 

Specifically, a sodiunx silic5ite solutionis prepared by mixiiig 150 grams of a 
35% cominercid silicate solution in 400 ml of distiUed water, SJmflarly, a ticanyl 
sulfite solution is prepared by mbdog 30 grams of titanyl syl&te in 400 nil of distilled 
water, and a »rconyl nitrate solution is prepared by mixing 150 grams of a 20% 
10 zirconyl nitrate solution in 400 ml of cfisdlled water. 

273 grams of dry solid ixregular silicon oxide (having particle sizes in the range 
of 0.3-5 iim) are then added to the sodhim silicate solution under gentle stirring to 
prevent the introduction of air bubbles. Similarly* 275 grams of titanium oxide fine 
powder (having particle sizes in the range of 0,1- 10 jim) are added to the titanyl 
15 sulfate solution under gende stlmng, and 275 grams of arconium oxide fine powder 
(having particle sizes in the range of 0.1-3 jun) are added to the zircorQi nitrate 
solution under gentle stirring. 

The resulting suspensions are then each independently injected into a Sodcv^a 
Atselab spray dtyer (commercially available from Sodeva^ Le bouget du Lac, France). 
20 together "wnth a hot air stream. The hot air stream is injected concurrently with the 

suspension into the vertical drying chamber at a temperature of about 3 5Q°C, and exits 
the drying chamber at a temperature of about 98*C. 

Each of the three types of dried rmncral 05dde microbeads obtained with this 
methodology arc then calcined at 1400^C for 4 hours to reduce the pore volume to 
25 about 1 0-1 5% of the b ead volume. 

The mean particle diameter of the resulting mmerd oxide solid supports 
or microbeads is measured by laser-difiraction spectrometry (N<falyem particle 
sizer). 

The fluidi^tioa behaviors of Uie dificrent particles are investigated in Z, 
30 2.5 ID classical fluidizcd bed column, using distilled water as the mobile phase* 
The velocity which allows a two time bed expansion of the bed of each type of 
mineral oxide solid supports or microbeads prepared as indicated above are as 
follow: 
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materials 


SiOi 


TiOa 


ZtOz 


mean pftHicI« diameter 
(\im) 


65 


60 


65 


spcctHc density 
fe/em') 


1.78 


2S 


4.6 


linear veloctQ' 
(cm/h) 
at 2 time bed eicpanaion 


136 


28S 


630 



Iricreajsed density positively impacts the operating velocity at a two tiines bed 
expansion. This ha$ a beneficial eSa^t on the calumn productivity and 
5 furthermore decreases the risks associated with the denaturation of biological 
material. 

Example 23; 

Capture of IgM from a serum fraction using a Ccncanaviilin A 
derivative or highly den^e snrconium oxide micro beads 

10 20 grams of highly dense Coneanavdin A^agarose-zlrconium o:dde solid 

suppoas or inicrobcads, prepared according to Examples 6, 16 and IS, are mixed with 
50 ml of 50 niM Tris-HCl buffer pH 7.S, containing 2 ji2MI^Cl2. 

In parallel, 200 ml of frozen homan plasma or serum sample are thawed and 
filtered to eliminate ciyoprecipitate. Largo proteins arc precipitated from the sample 

15 by adding pure ethanol up to a final concentration of 15% in volume. After agitadng 
for about 20 minutes at room temperature, the predpitate is recovered by 
centrifiigation and dissolved in 1 liter of 50 mM Tris-HCl bufiEer pH 7.8, containing 2 
mMl^Cl2. 

Tlie resulting sample solution, which is not completely clear and contains some 
20 material which does not dissolve^ is Introduced into a fluid bed device already loaded 
With the microbcad suspension cq^uilibrBtcd in 50 mM Txis-HCI buSer pH 7.8^ 2 niM 
MnCix An Upward bufifcr flow which maintains the beads at a 2 timcj bed expansion is 
applied. Once the saxx^Ie has been completely supplied to the device, a 50 mM Tris<- 
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HCl pH 7.8, 2 inM ^4hQl buffer is introduced to wash out all insoluble parucles, and 
then non-specificaUy adsorbed materials are elutcd by adding 0.5 M sodium chloride to 
the washing buflfer. 

IgM; which are known for their aiSnity for Concanavalin A (the glycosylated 
5 moiely of IgNf interacts specifically with Ccncanavalin A)» are selectively desorbed 
from the soEd supports ormlcrobeads by replacing the wasKng buflfer with an dutlon 
buffer composed of 50 mM Tris-HQ buffer pH7.8, 2 mMMnaa and 20 mM of a- 
naethyl-glucopyranoside. Afler coUecrion of the Ig^M I5 completed, the column is then 
cquaihratcd with the initial buffer, te., 50 nM Tris-HCl buffer pH 7.8, 2 inML4iiCl2 
1 0 and then con be reused ibr another separation cycle; 

JSxample24r 

Hctpacitls B virus capture using a Cibacron Blue 
derivative of highly dense Titanium oxide microbcads 

20 grams of highly dense agarose-titajiium oxide soiid supports or microbcads, 

15 prepared according to Examples 3 and 16. are suspended In 50 ml of 50 mM carbonate 

buffer pH 1 1.5 containing 0.5 M sodium chloride. To this suspension 2 grams of 

Cibacron Blue 3 GA (a triaztne reactive, dye known for its affinity for Hepatitis B virus, 

commercially available from Sigma Chemicals, Si, Louis, Missouri, USA) are added 

and the suspension is shaken overnight at room temperature. The suspension is then 

20 heated at 60^0 for about an hour . and then the suspension washed octerisively to 

eliminate any excess of Cibacron Blue 3 GA dye molecules. 

The resulting slurry is introduced into a fluid bed device of 2.5 cm diameter and 

continuously maintained in suspension by an upward flow of a phosphate buffered 

saline- A human immunoglobulin sample solution contatning hepatitis B viruses in 

25 physiological bufS^ is then introduced into the column from the bortoni at a linear 

velocity which maintains the solid supports or microbcads in fluidized state. Viruses 

arc captured by the abucron Blue fimctionalizcd agarose-titanium oxide solid supports 

or microbeads, while the vinis-depletcd immunoglobulin sample solutioii is collected 

from the top of the column. The Cibacron Blue functicnalizcd agarose-titaaia solid 

30 supports or microbeads are then washed vnth sodium hj^lroxidc and other sterilizing 

solutions so as to eliminate and inactivate the adsorbed viruses, and tlien reequilibratcd 

with the initial loading buffer such that other separation cycles may be performed. 

Virus clearance according to this example can be on the order of about 4 logs, 
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Example 25: 

Capture of plasmids from a K coU crude extract using a 
quatemaiy amino derivative of highly dense zirconium oxide microbcads 

50 grams of highly dense anion exchanscr-zirconium osdde solid supports or 
5 microbcads, prepared according to Examples 6 and 19, arc suspended In 100 ml of 
50 mM Tris-HO, 500 mM NaCl buflfer pH 8,5 and introduced into a fluid bed column 
of 25 mm diameter and maintained in suspension by an upward flow at a speed high 
enough to prevent raicrobeads firom settling and maintains the microbeads in a fluidized 
state. 

In par;aUcl an E^coJi lysate obtained using classical alkaline-SDS treatment 
(0»2 MNaOH, I^o-SDS) is subjca to various alcoholic precipitations (Green ct cdL, 
"Treparztivc purification of supcrcoiled plasxnid DNA for therapeutic applica^ons/' 
Biqpharm^ pp. 52-62 (May 1997)) in order to eliminate proteins, is diafiltered against 
50 mM Tris-HCI, 500 mMNaCl pH S.5 buffer and the resulting lysate sample is 
15 introduced into the column from the bottom end, at the same linear velocity which 

prevents the microbeads from settling and maintains the microbeads in a fiuidized state, 
The dense microbeads in suspended in the flufdized bed adsorb most of micleic 
acid molecules In the lysate sample, except for small j&agments. The Quid bed 
suspension is then washed with the same v/orfcing buffer in ord«r to eliminate unbound 
20 contaminants. Then, a SO mM Tiis-HCl pH 8.5 buffer containing 680 mMNaCI is 
used to wash out RNA molecules. Thereafter, plasmid molecules are specifically 
eluted in fluidizcd bed raode^ by increasing the NaCl concentration in the buffer to 
1000 mM, Fmally, strongly bound contaminants, such as genomic DNA, are desorbcd 
from the microbeads by cleaning in the fluid mode uang an 0.5 M sodium hy<iroxide 
25 solution. The column is then reequHibratcd \nith 50 mM Tris-HCI, 500 mMNaCl 
buffer pH 8.5 such that another cycle may be performed. 

The purity of the plasmids obtained *with this fluid bed process is comparable to 
that obtained usin^ a sinular cationic soHd phase packed in a fiDced bed column. 
However, in the present example, elution is easier since in fluid bed mode the viscosity 
30 of the plasmid sample does not limit the flow rate of Lhe column, as is the case in a 
packed bed mode. 

It should be apparent to those sldlled Jn the art that other compositions and 
methods not specifically disclosed in the instant specification arc, nevertheless, 
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contemplated thereby. Such other coxnposidans and methods are considered to be 
wtbin the scope and spirit of the present invention. Hence, the inventf on should not be 
limited by the description of the specific embodiments disclosed herein by only by the 
foOomng claims. 



32 



PAGE47/55*RCVDATS/5/20076:36:57PM [Eastern Daylight Time]*SVR:US^^^^ 



FROM 



FRX NO. : 012024780844 



May. 05 2007 06:50PM P 48 



^ PCT/US99/07480 
W0 99/S1316 r^i^v 

What 13 claimed is: 

1. Dense mineral oxide solid supports compcismg 

a) a mineral o;dde matrix having a pore vqlunie which is less than 
5 30?^ of the total volume of the xmnetal oxide matrix, and 

b) an KntcTBctive polymer network which is rooted in pores and on 
the suiface of the mineral oxide matxxx. 

2. The dense mineral 6xide solid supports of Claim 1 « having a density in 
10 the range of about I«7t0 11. 

3 . The dense mineral oxide solid supports of Claim 2, v/hereim the density 
is in the range of about 2.1 to about 10. 

15 4. The dense mineral oxide solid stippoos of Claim 1 or 2, wherein said 

dense mineral oxide solid supports have a particle size in the range of about 5 fim to 
ahout 500 yjn. 

S. The dense mineral oxide solid supports of Claim 4, wherein the 
20 particle size is in the range of about 10 |mt to about 100 jam. 

G. Dense mmcml oxide solid supports comprising 

a) a mineral oxide matrix having a pore volume which is less than 
30% of the total volume of the mineml oxide matnx, and 
25 b) an interactive polymer network which is rooted in p ores and on 

the suifece of the mineral oxide matrix, 
wherdn said dense mineral oxide solid supports have a density of 2,1 to 11, and a 
particle size of 10 (imto 100 \im. 

30 7. The dense mineral oxide solid supports of Claims 1 or 6, ^vhcrcln the 

pore volume is 5 % to 25 % of the total volume of the mineral oxide matrix. 

8, The dense mineral oxide solid supports of Claim 7, wJierein the pore 
volume is 5% to 15%. 

33 
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9, The dense mineral o«de solid supports of Qaims 1 or 6, xvhcran the 
minenil o:ddc matrbc is comprised of titania, zireonla, yttria^ ceria, hafiiia, tantalta^ or 
mixtures thereof 

3 10. The dense mineral oxide solid supporu of Claims 1 or 6, wherein the 

interactive polymer nctwurk comprises a soluble organic polymer or a mixture of 
soluble organic polymers crosslinked in place with the mineral oxide matrix. 

11. The dense minccal oxide solid supports of Claim 10, wherein the 
10 soluble organic polymer is a polysaccharide or a mixcure of polysaccharides. 

12, The dense mLacral oxide solid supports of Claim 1 1, ivherein the 
polysaccharide is selected from the group consisting of agarose, dextran, cellulose, 
chitosan, a glucosaminoglycan, and derivatives thereof 

15 

13- The dense mineral oxide solid supports of Claim 10, wherein the 
soluble organic polymer is a linear soluble orgadc polymer selected from the group 
consisting of polyvinyl alcohol, apolycthylcnciminc, a polyvinylaminc^ 
polyvinylpyiToUdone, a polycthylcneglycol, a polyaminoacid, a nudeic acid, and 
20 derivatives thereof 

14. The dense mineral oxide solid supports of Clainis 1 or 6, wherein the 
Interactive polymer network comprises manomcrSi blfiinctional monomers, or 
mixtures thereof copolymerized in place with the mineral o^dde matrix. 

25 

15- The dense mineral oxide solid supports of Claim 14, wherein the 
monomers are selected from the group consisting of, 

(a) aliphatic iomc, non-Ionic, and reactive derivatives of acrylic, 
methaerylic, vinylic^ and ollylic compounds; 
30 (b) aromatic ionic, non-ionI«^ and reactive derivatives of acrylic, 

mcthacrylic, vinylic, and allylic compounds; 

(c) heterocyclic ionic, non-ionic, and reactive derivatives of acrylic, 
methactyllc, vinylic, and allylic compounds; and 

(d) mixtures of any of the monomers in (a), (Jo) or (c), 

35 
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16. The dense mincnd oxide solid supports of Claim 15, wherein (a) is 
acrylamidc, dimethylacrylaraide^ trisacryl, acrylic acid, acryloylglycinc, 
dicthyLiminocthyl methacrylainide, vmylpyirolidone, vinylsulfonie acid, aliylamine, 
allylglycydylether, or derivatives therco£ 

17. The dense mineral 05dde solid supports of Claim 15, vAercin (b) 15 
vlnyltoluene, phenylpropylacrylamide, trimethylaniinophettylbu^laietbacrylate, 
tritylacrylamxde. or derivatives thereof- 

10 IS. The dense mineral oxide solid supports of Claim 15, wherein (c) is 

vinylimida^ole, ^nnylpyirolidone, acryloylmotphoUne, or derivatives thereo£ 

19- The dense mineral 03dde solid supports of Claim 14, wherein the 
bifuncdonal monomers are selected fiom the group consisting of: 
IS (a) bisacryiamides; 

(b) bis-mcthacrylamidcs; 

(c) bis-acrylatcs; 

(d) ethyleneglycol-methacrylates; and 

(e) diallyltaxtradiamide. 

20 

20, The dense mineral oxide solid supports of Claim 19» wherein (a) is 
N,N'-methyIcne-bis-acrylamide, N^K'-erhylene-bis-acrylmide, N,N'.hcxam 
bis-acrylamide, or glyoxal-bis-aoyiamide. 

25 21. The dense mineral oxide solid supports of Claim 19, wherein (b) is 

N,N-methylene-bis-xnethacrylamid<^ N;N*-cthylene-bis-methacryIamide, orN.N'- 
hepcamethylene-bis-metfaacryUmide, 

22. The dense mineral oxide solid supports of Claim 19, wherein (c) is 
30 cthylencglycoldiacrylatc, or ethyleneglycoldimcthacryhte. 

23. A method of sepafating a tarficC molecule by solid phase adsorption 
comprising parsing a sample contalnizig said target molecule through a 
chromatagraphy device loaded with a solid phase matrix comprising the dense 

35 mineral oxide solid supports of Claim 1 or Claim 6. 
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24. The method of Claim 23. wher cin the target molecule is a biological 
molecule. 

25. A method for separadng a desired biological molecule from a sample 
5 solutioa containing the same comprising the steps of : 

a) loading a chromatofitaphy de^dce with a chromatography bed 
comprised of dense mineral oxide solid supports comprising 

i) a mineral oudde matrix having a pore volume which is less than 30% 
of the tot^ volume of the mineral oxide matrix, and 
10 ii) an interactive polymer network which is rooted in pores and on the 

surface of the minertl oxide matrix, wherein the interactive polymer 
network is fiinctionalized to have afiinity for the desired biological 
molecule; 

b) feeding the sample solution containing said desired biological 

15 molecule into the chromatography device, whereby the desired biological molecule is 
adsorbed to the dense mineral oxide solid supports; 

c) washing the chromatography de^dce with a washing buffer and 
discharging undesircd components and impurities of the sample solution from the 
chromatography device; 

20 d) feeding an cluting buffer into the chromatography de\';ce, wherein said 

eluting buffer causes the desired biological molecule to be released from the dense 
mineral oxide solid suppons; and 

c) collecting the desired biological molecule. 

25 26, The method of Claim 25, wherein the dense mineral oxide solid 

supports have a dcnsiqr in the range of about 2,1 to about 11. 

27. The method of Claim 25 or2o, wherein said dense mineral oxide solid 
supports have a particle size in the range of about 5 ^un to about 500 urn. 

30 

2S. The method of Claim27, wherein the particle size is about 10 jim to 
about 100 yxn, 

29. The method of Claim 25, wherein the mineral o?dde matrix is 
35 comprised of titania, zirconia, yttcia, ccria^ hafbia, tantaJia, or mixtures thereof 
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30. The imsthod of Claim 28, wherein the mineral osdde matrix is 
comprised of txtania, airconia, yttria, ceria^.hafiua, tantalia, or mixtures thereof 

3 1 . The method of Claim 25, wherein the interactive polymer network 
5 comprises a soluble orgamo polymer or a mbccure of soluble otsanic polymers 

crosslinked in place with the mineral oxide matrix. 

32. The method of Claim 25, wherein the InteractiYe polymer network 
comprises monomers, bifiinctional monomers, or mixtures thereof copolymeri«d in 

10 place with the mineral oxide matrix. 

33 . The method of Qaim 25, wherein the desired biological molecule is a 
macromoleculc. 

34. The method of Claim 33, wherein the macromolecule is a 
polysaccharide, a plasmid, a nucleic acid, a polynucleotide, or a protein aggregate, 

35. The method of Claim 25, wherein the desired biological molecule is a 
bioparticle. 

35. The method of Claim 35, wh<irdn the biopaxticle is a virus, a viral 
vector, a membrane protein, or a cellular structure. 

37. The method of Claim 25, wherein the chromatography device is a 
25 packed bed column, a fluidizcd bed column, or a continuous stirred tank. 
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38. A flutdized bed chromstography method for sq)3Lrating a desired 
bioiogical molecule from a sample solution containing the same comprising the steps 
of: 

a) loading a flutdized bed column with a chromatogrzphy bed comprised 
5 of dense mineral oxide solid supports comprising 

i) a mineral oxide matzix having a pore volume which is less than 
30% of the total volume of the mineral coddc xnatnx^ and 

ii) an interacdve polymernetwork which is rooted in pores and on the 
surface of the mineral oxide matrix; wherein the interactive 

^0 polymer network is functionalized to have afEnity fcr the desired 

biological molecule; 

b) feeding an initial buScr into said ifluidi^cd bed column at a linear 
velocity which causes the dense mineral oxide sdUd supports to form a fluidizcd bed; 

c) feeding the sample solution containing said desired biologLcat 

15 molecule into the fluidized bed column at a linear velocity which maintains the dense 
mineral odde solid supports in the fluidized bcd> whereby the desired biological 
molecule is adsorbed to the dense mineral oxide solid supportr, 

d) washiag the chromatography device with a washing buffer and 
discharging undcvsired components and impurities* of the sample solution from the 

20 fluidized bed column device; 

c) feeding an eiution buffer into the fluidized bed column, wherein said 
^ eiution bufler causes the desired biological molecule to be released from the dense 
mineral oxide solid supports; and 

f) . coliecting the desired biological molecule elated from the fluidized bed 
25 column. 

39. The method of Claim 38, wherein the dense mineral oxide solid 
supports have a density in the range of about lA to about 11, 



30 



• 40. The method of Claim 38 or 39, x\'herein said dense mineral oxide solid 
supports have a particle size in the range of about 5 to about 500 |im. 

41. The method of Claim 40, wherein the pardde size is ahout 10 mn to 
about 100 \juau 
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42. The method of Claim 3S, wherein the mineral oscidc matrix is 
comprised of thanlay zireontay yttria, ceria, hafhia, taotalia, or nuxtures thereof. 

S 43. The method of Claim 41» wherein the mineral oxide matrix is 

comprised of titania, ^irconia, yttria, ceria, hafiiia, tantalia^ ormixmres thereof 

44. The method cf Claim 38, wherein the interac^dve polymer network 
comprx^es a soluble orE^uiic polymer or a mixture of soluble organic polymers 

10 crossllnked in place with the mineral oxide matrix 

45. The method of Claim 38, wherein the interacdve polymer network 
comprises monomers^ bifunctional monomers* or mixtures thereof copolymerized in 
place with the mineral oxide matrix. 

IS 

46. The method of Claim 3 8, wherdn the desired biological molecule is a 
macromolecule. 

47. The method of Claim 46, wherein the macromolecule is a 

20 polysaccharide, a plasmid, a nucleic acid, a polynucleotide, or a protein aggregate, 

48. The method of Claim 33, wherein the desired biological molecule is a 
bioparticle. 

25 49. The method of Claim 48, wherein the bioparticle is a virus, a viral 

vector, a membrane protein, or a cellular structure. 

50. The fluidxzed bed chromatography method of Claim 3 3, wherein the 
linear velocity is within the range of 100 cm/hour to 3000 cm/hour. 

30 
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51. A method fer preparing dense mineral oxide solid supports which 
comprises: 

(a) preparing a nuxture of particles of at least one mineral oxide; 

(b) fonning a mineral oxide matrix from said mixture; 

5 (c) sintering the resulting mineral o;dde matrix at a high temperature 

which melts subparticles in the mineral oxide matrix , wherdn the sintering reduces 
the pore volume of the miners oxide matrix to less than 30% of the total volume of 
the mineral oxide matrix; and 

(d) forming an interactive polymer network rooted in the pores and on the 
10 surfece of the resulting sintered mineral oxide matrix. 

52. The method of Claim 51, wherein the mineral oxide is selected from 
the firoup consisting of titania, zirconia. yttria. ceria. hafhia, tantalia, or mixtures 
thereof 

15 . ' 

53. The method of Claim 51, wherein the panicles of mineral oxide have a 
panicle size of in the range of 0.1 ^im to 15 ^m, 

54. The method of Claim 53, wherein the particles of mineral oxide have a 
20 particle size of 0. 1 jim to 3 pm. 

55. The method of Claim 51, wherein the dense mineral oxide solid 

^ supports have a rough surface, and wherein the particles of mineral o>cide have a 
particle susc of 3 ttm to 15 pm* 

25 

56. The method of Claim 5 1, whcrcm the beads are foxtned by a sol-gel 
process, a spray drying process, or an cmulsiort-polycondensation proces$. 

57. The method of Claim 5 1, wherein the interactive pol3'mer network is 
30 comprised of monomers, bifunctional monomers, or mixtures thereof copdy merited 

in place with the mineral oxide matrix. 

58. The method of Claim 51. wherein the interactive poljrmer networfc is 
comprised of a soluble organic polymer or a mixture of soluble organic polymers 

35 crossh'aked in place with the mineral oxide matrix. 
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